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ABSTRACT
Heterogeneity of effects produced by performance-based incentives (PBIs) at different levels of care
provision is not well understood. This study analyzes effect heterogeneities between different facility
types resulting from a PBI program inMalawi. Identical PBIs were applied to both district hospitals and
health centers to improve the performance of essential health services provision. We conducted two
complementary quasi-experiments comparing all 17 interventions with 17 matched independent
control facilities (each 12 health centers, five hospitals). A pre- and post-test design with difference-in-
differences analysis was used to estimate effects on 14 binary quality indicators; interrupted time
series analysis of monthly routine data was used to estimate effects on 11 continuous quantity
indicators. Effects were estimated separately for health centers and hospitals. Most quality indicators
performed high at baseline, producing ceiling effects on further measurable improvements.
Significant positive effects were observed for stocks of iron supplements (hospitals) and partographs
(health centers). Four quantity indicators showed similar positive trend improvements across facility
types (first-trimester antenatal visits, voluntary HIV-testing of couples, iron supplementation in
pregnancy, vitamin A supplementation of children); two showed no change for either type of facility
(skilled birth attendance, fully immunized one-year-olds); five indicators revealed different effect
patterns for health centers and hospitals. In both health centers and hospitals, the largely positive
PBI effects on antenatal care included resilience against interrupted supply chains and improvements
in attendance rates. Observed heterogeneitymight have been influenced by the availability of specific
resources or the redistribution of service use.
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Introduction
Performance-based incentives (PBIs) entail the payment
of financial and in-kind rewards to health system actors
upon the achievement of pre-defined quantity and/or
quality performance outputs.1 In Sub-Saharan Africa
(SSA), PBIs have been increasingly implemented in the
form of Performance-Based Financing (PBF) (i.e. public
sector contracting of health service providers).2 The aim
of PBF programs is to bolster autonomy and control
among health providers in terms of how funds are
earned and allocated, and to increase self-governance
among health care providers by reducing their depen-
dence on centrally allocated operational budgets.3
Recent reviews on PBF implementation in SSA
have shown mixed effects in terms of expected
changes in both the quantity and quality of service
delivery.4,5 This evidence suggests that PBF success
depends on a number of factors related to both the
health system macro-context (e.g. status quo of key
health indicators, political stewardship, governance,
decentralization, financial flows, existing purchasing
structures) and the service provision micro-context
(e.g. choice of performance indicators, type of service
providers, degree of provider’s financial autonomy,
verification mechanisms, implementation capacities).6
As PBF programs are usually designed to respond to
a given macro- and micro-context, comparison of PBF
effects across different settings remains challenging.7
While evidence generalization is often limited given
the uniqueness of each PBF program within its specific
context, individual program evaluations still offer
opportunities to generate specific knowledge on the
effect of individual PBF designs within their given
macro- or micro-contexts.
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In this study, we focus on aspects related to the
micro-context — namely the extent to which PBF
effects differ between sub-district level health centers
and district-level hospitals—in the case of the Support
for Service Delivery Integration Performance-Based
Incentives (SSDI-PBI) program in Malawi. This pro-
gram primarily intended to improve the provision of
primary health services defined by the country’s
Essential Health Package (EHP); hence, both health
centers and hospitals were subject to identical perfor-
mance indicators, verification and reimbursement
mechanisms, as well as procurement regulations. Our
study objective was not only to estimate the impact of
SSDI-PBI on a number of quality and quantity service
indicators but to more specifically assess similarities
and differences in observed PBI effects between hospi-
tals and health centers, thereby further contributing to
understanding on the micro-context.
Methods
Macro Context
Malawi is a low-income country in SSA, which suffers
from a heavy burden of HIV and communicable dis-
eases (especially tuberculosis and malaria) and, more
recently, increases in non-communicable diseases (i.e.
hypertension, diabetes, cancer).8 Over the past decade,
there has been a downward trend in maternal, new-
born, and child mortality,9,10 with a recent maternal
mortality ratio of 439 deaths per 100,000 live births,
neonatal mortality rate of 27 deaths per 1,000 live
births, and under-five mortality rate of 63 deaths per
1,000 live births.11 Care during pregnancy and birth has
improved in the past decade,10 with about 51% of
pregnant women attending at least four antenatal care
(ANC) visits, 24% having a first ANC visit during their
first pregnancy trimester, 33% taking iron tablets for at
least 90 days during pregnancy, 63% taking at least two
doses of preventive malaria treatment during preg-
nancy, and 90% of births being attended by a skilled
birth attendant (SBA).11 Similar upward trends have
been achieved for HIV care and family planning,10
with about 44% of women and 42% of men having
been tested for HIV during the past 12 months, 58%
of married women of reproductive age using modern
contraception, and 49% of currently married women
and 43% of currently married men aged 15–49 wanting
to limit childbearing.11 In terms of child nutrition and
immunization, 64% of under-five children have
received vitamin A supplements in the past 6 months,
and 70% of under-one children are fully immunized.11
High rates of morbidity and mortality—particularly
maternal mortality—have been linked to shortages in
human resources for health, and inadequacies within
facilities related to basic and essential infrastructure,
management, and support of service delivery.12–14
In 2014, Malawi counted 1060 formal-sector health
facilities (including 509 government-owned facilities)
offering primary health services, of which 489 were
health centers and 119 hospitals.12 Primary health care
services included in the EHP cover reproductive and
child health, and the prevention, detection, and man-
agement of infectious and non-communicable
diseases.15 EHP services are intended to be provided
free of charge at the point of use in both public and
private not-for-profit facilities contracted by the
Ministry of Health (MoH).15 Evidence indicates, how-
ever, that EHP services are not as effectively available as
they should be, thereby subjecting clients to substantial
out-of-pocket expenditures.16
Malawi’s centralized tax-based health system
receives most of its funding from external donors.15
In 2013, Malawi’s total health expenditure was 39
USD per capita or nearly 11% of GDP, with about
18% from public, 14% from private, and 68% from
donor sources.17 Annual budgetary support from both
central-level ministries and local governments is allo-
cated to each district where funds are managed and
allocated to health facilities by District Health
Management Teams (DHMTs).18 Health workers
employed by government health facilities receive sal-
aries paid directly by the central MoH.
Micro Context
For both health centers and district hospitals, the
DHMTs serve as a management hub with respect to
service delivery, including the coordination of drug
budgets, provision of equipment, assignment of clinical
staff. However, compared to district hospitals, health
centers have a different size and composition of clinical
staff (doctors/clinical officers: median 2 versus 7 in
hospitals; nurses: median 2 versus 18; health surveil-
lance assistants: median 13 versus 19).12 Given their
generally more remote location compared to hospitals,
more health centers have only unreliable access to
electricity and running water, as well as less reliable
supply and procurement chains in respect to essential
drug and supply stocks. Compared to district hospitals,
health centers generally cover a more remote catchment
area and have to rely more on outreach activities.
While in theory, all facilities develop their own busi-
ness strategies toward improving service coverage for
each quantity indicator and improvement along with
quality scores in collaboration with their respective
e1745580-2 S. BRENNER ET AL.
DHMT, implementation research demonstrated that
the highly regulated procurement processes failed to
support facilities in guaranteeing complete drug stocks
and other timely investments.19
PBF Implementation
In 2011, the Support for Service Delivery Integration
(SSDI) project, a United States-sponsored bilateral
health sector program to strengthen EHP service provi-
sions, started at 301 health facilities in 15 of Malawi’s
28 districts.20 In August 2014, SSDI together with the
MoH launched a PBF program (referred to as SSDI-
PBI) in only three of these 15 districts (Chitipa,
Mangochi, Nkhotakota) introducing PBIs to only 17
government-owned facilities (12 health centers, five
hospitals) out of a total of 53 SSDI facilities in these
three districts.21 Selection of these 17 facilities was
nonrandom and based on the following criteria: mini-
mum of four qualified health staff per facility, provision
of all primary level EHP services, availability of essen-
tial equipment and infrastructure, and facilities’ prior
inclusion in the SSDI-sponsored Performance Quality
Improvement (PQI) program (a standards-based quality
improvement approach that emphasizes root causes
and provider-led solutions to address poor
performance).22
Facility performance was defined by 13 quantity
indicators (see Table 1) covering six health care
domains: antenatal, obstetric, postnatal, under-five
child, family planning, as well as HIV and AIDS care.
A checklist consisting of 107 quality indicators assessed
performance related to facility organization and patient
satisfaction with respect to EHP service provision (e.g.
service management, routine performance reporting,
hygiene and sanitation, laboratory maintenance, drug,
and commodity management). An overall PBI envelope
was determined annually for each facility. Within this
envelope, financial incentives were paid in form of
performance bonuses reflecting a combination of fee
for service payments (i.e. reimbursement of the number
of services provided for each quantity indicator by an
annually set service unit fee) and target-based payments
(i.e. proportional reimbursement based on the extent
facilities reached preset targets for quantity and quality
performance). The performance was verified by peer
review and counter verified by an independent private
firm with payments scheduled on a 6-monthly basis.21
For each 6-monthly payment cycle, facilities pro-
posed investment activities outlined in their annual
business plans to be procured and/or implemented by
SSDI after approval and in alignment with the regula-
tory procedures stipulated by donor and implementer
(e.g. tender procedures for open market purchases).21
Unique to this PBI program, no portion of the PBI
rewards could be used as individual bonus payments
for facility staff.
Study Objectives and Design
Our study objectives align with the theory of change
underlying SSDI-PBI, which expected additional
rewards earned by facilities based on their performance
to enable health centers and district hospitals in iden-
tical ways to more strategically invest into inputs and
processes related to quality EPH service delivery and to
guarantee successful achievement of service outputs
over time (see Figure 1). Based on these expected
changes, we aimed to explore whether patterns of
change reflected by SSDI-PBI effects on selected service
indicators differed between health centers and
hospitals.
To make the best use of the data available at the start
of this study, our evaluation was built on a quasi-
experimental design using a multi-methods
approach,23,24 which relied on two parallel analytical
strategies: (a) a controlled pre- and post-test analysis
of 14 binary quality indicators available through pri-
mary and secondary data and (b) a controlled inter-
rupted time series (ITS) analysis of 11 quantity
indicators available through secondary routine health
facility data.
Pre- and Post-Test Study Component
Outcome Variables
For baseline quality indicators, we relied on dichoto-
mous data from the Service Provision Assessment
(SPA) survey conducted in Malawi between 2013/
2014.12 Reviewing the SPA database, we selected 14
quality indicators directly or indirectly relating to the
13 quantity indicators (shown in Table 1) we expected
to improve given the SSDI-PBI theory of change. These
quality indicators represented measures of service and
staff organization (i.e. supervision, management meet-
ings, patient feedback) or of the availability of supplies
and medicines essential to EHP provision.
Sample
The sample included all 17 SSDI-PBI and 17 control
facilities (one matched control per each SSDI-PBI facil-
ity). The following criteria were used to match facilities at
baseline: facility type, general service support through
SSDI, government ownership, PQI enrollment, as well
as similarities in geographic characteristics, catchment
area size, and physical accessibility. Within-district
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matches were preferred; out-of-district matches in nearby
SSDI-districts were made when no comparable control
facilities within the PBI district could be identified. The
resulting control sample consisted of 12 health centers
and five hospitals in eight districts (see Table 2).
Data
We extracted baseline data for selected quality indica-
tors from the publicly available Malawi 2013/2014 SPA
database. Endline data for each of the indicators were
obtained by primary data collection conducted by our
study team in March 2016 (i.e. 20 months after the
official SSDI-PBI launch). Primary data were collected
by trained research assistants using an abbreviated ver-
sion of the SPA facility survey instruments.
Analysis
Data on quality indicators represented a fully balanced
panel. Data were analyzed using a Difference-in-
Differences (DiD) approach based on linear regression
to estimate the impact of the PBI program on observed
changes between SSDI-PBI and control facilities
between baseline and endline, specified as:
y ¼ β0 þ β1t þ β2g þ β3tg þ ε;
with y representing the outcome, t the time point
(0 = baseline, 1 = endline), and g the treatment group
(0 = control, 1 = PBI). β3 is the effect estimate attribu-
table to the PBI. Models were further adjusted for fixed
effects at the facility level.
Interrupted Time-Series Study Component
Outcome Variables
Service utilization measures represented by the 13 PBI
key performance indicators served as outcome vari-
ables, as data on these indicators are reported monthly
to the Malawi Health Management Information System
(HMIS) accessed and extracted through the DHIS-2
platform. While HMIS data quality has been relatively
poor, the data completeness and consistency for the
selected indicators and time period compared to other
HMIS reported indicators were deemed relatively high
by the research team. Nevertheless, for two of these 13
indicators, data were largely missing, which reduced the
number of outcome variables used in this component
to 11 (see Table 1).
Sample
We used the same SSDI-PBI and control facilities as for
the pre- and post-test component outlined above to
facilitate the synthesis of results across the two meth-
ods. We extracted monthly data on the 11 outcome
variables for each sampled facility for the period
Figure 1. Schematic outline of the theory of change relating to the SSDI-PBI.
Table 2. Facility sample characteristics of SSDI-PBI and matched
controls.
SSDI-PBI sample Control sample
Total number of facilities 17 17
Facility type
Health centers 12 12
Hospitals 5 5
Facility ownership
Government (public) 17 17
Facility distribution by district:
Chitipa 3 1
Mangochi 8 3
Nkhotakota 6 4
Karonga 4
Kasungu 2
Lilongwe 1
Salima 1
Zomba 1
Facility distribution by region:
Northern Region 3 5
Central Region 6 8
Southern Region 8 4
Facility catchment population
(in persons)a
525,153 574,033
SSDI project sites 17 17
Enrollment in PQI program 14 14
DiD = difference-in-differences; ITS = interrupted time series;
PQI = Performance Quality Improvement; SSDI-PBI = Support for Service
Delivery Integration Performance-Based Incentives.
aEstimates for 2014 taken from SSDI project rosters.
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August 2013 to February 2016 (i.e. a total of 31 con-
secutive months).
Data
After data extraction, missing data points for single
months were identified across all indicators and facil-
ities, and only facilities with less than 5% of missing
values were included in the analysis of a given indica-
tor. As a result, one facility for indicator 6 (number of
births at facility attended by a skilled birth attendant)
and four facilities had to be omitted for indicator 11
(number of clients attending family planning services
counseled on contraceptive options).
HMIS routine data were only available as absolute
numbers of services provided per month (e.g. total
number of pregnant women completing the fourth
antenatal care visit in a given month and facility) with-
out information on respective reference populations
(i.e. total number of pregnant women in the catchment
area in a given month). We therefore computed pre-
intervention means for each facility and each outcome
variable by averaging the monthly counts for the period
from September 2013 to July 2014. These means then
served as denominators for each observed monthly
count in the time series with each monthly ratio repre-
senting the relative change from the pre-intervention
period (i.e. ratios above 1 indicating an increase in
facility performance). This transformed data allowed
us to compare each facility against its own performance
baseline and across facilities.
Analysis
Data were analyzed using a multiple-group segmented
linear regression,25 comparing facility performance for
selected outcome variables between SSDI-PBI and con-
trol facilities and between pre-intervention
(August 2013 until July 2014) and post-intervention
(August 2014 until February 2016) periods, specified as:
yt ¼ β0 þ β1Tt þ β2g þ β3gTt þ β4x1 þ β5x1Tt þ β6gx1
þ β7gx1Tt þ εt;
with yt representing the outcome variable measured at
each monthly time point t, variable Tt the number of
months since the start of the time series, x the inter-
vention periods (0 = pre-intervention, x1 = post-
intervention), and g the treatment group (0 = control,
1 = PBI). In this model, β2 and β3 indicate the esti-
mated differences in level (intercept) and slope (trend),
respectively, in outcome y between treatment and con-
trol facilities prior to intervention start, and β6 and β7
the estimated differences in level and slope,
respectively, attributable to the PBI in the post-
intervention period.
We used the PBI launch in August 2014 as an inter-
ruption time point. The presence of serial auto-
correlation up to a lag of 1 month was demonstrated
by the Cumby–Huizinga test for auto-correlation26; we
adjusted the model accordingly. The ITS model was
further adjusted for seasonality based on the following
seasonal categories: warm wet season (December to
February), warm dry season (March to May), cool dry
season (June to August), and hot dry season
(September to November).27
Results
The different sample sizes for hospitals and health
centers resulted in the distortion of actual effect sizes
and thus make a direct comparison of effect sizes
between facility types somewhat meaningless. To over-
come this challenge and to still allow direct comparison
of effects between health centers and hospitals, we
describe effects for each facility type in the form of
effect patterns which we then compare and discuss
later on.
DiD Analysis Results of Quality Indicators
Control and intervention facilities did not significantly
differ at baseline for any of the 14 quality indicators. In
the following, we present results along with typologies
of effect patterns, as also shown in Table 3 (i.e. “satu-
rated,” “protective,” “challenged,” “globally improved,”
and “no substantial effect”), to aid comparison of
effects in health centers versus hospitals.
“Saturated” effect patterns (defined as quality indi-
cators achieved in at least 80% of facilities at baseline
and endline in both intervention and control groups)
were found for seven of the 14 quality indicators (4, 6,
7, 8, 9, 13, and 14) for health centers. For hospitals, 12
out of the 14 indicators showed a saturated pattern
(1, 2, 4, 6, 7, 8, 9, 10, 11, 12, 13, and 14), including all
of the indicators that presented a saturated pattern
among health centers. For health centers, the estimated
improvement produced by SSDI-PBI among health
centers on indicator 8 (available stock of blank parto-
graph forms) was statistically significant despite the
saturated effect pattern due to declines among controls
and increases among intervention facilities within this
upper range of facility proportions.
“Protective” effect patterns (defined as quality indi-
cator levels that declined from at least 80% of facilities
at baseline to fewer than 80% of facilities at endline in
both types of facilities with greater declines in the
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control compared to the intervention group) were
observed for indicator 5 (available stock of iron supple-
ments) in both health centers and hospitals and for
indicator 11 (available stock of measles vaccine) in
health centers only. For hospitals, the effect size pro-
duced by SSDI-PBI on indicator 5 was statistically
significant.
“Challenged” effect patterns (defined as quality indi-
cators achieved in at least 80% of both intervention and
control facilities at baseline, but falling to fewer than
80% of facilities in only the intervention group at end-
line) included only quality indicator 12 (available stock
of BCG vaccines) in health centers, indicating
a negative (though not statistically significant) effect
of the SSDI-PBI.
“Globally improved” effect patterns (defined as indi-
cator levels that showed room for improvement at
baseline and improved among both intervention and
control facilities at endline) were observed for quality
indicators 1, 2, 3, and 10 among health centers, with
control facilities showing more improvement than
intervention facilities in all but quality indicator 10
(available stock of oral polio vaccines), for which inter-
vention facilities showed slightly more improvement.
We observed a “no substantial effect” pattern
(defined as quality indicator levels that showed room
for improvement at baseline but with little meaningful
change in either intervention or control groups at end-
line) only for quality indicator 3 (having a client feed-
back system in place) among hospitals.
Baseline Comparability of Intervention and Control
Facilities for ITS Analysis
In conducting the ITS analysis, we compared changes
in quantity indicators before and after the PBI inter-
vention (i.e. monthly performance versus mean base-
line performance). Table 4 presents the baseline
averages calculated for the entire pre-intervention per-
iod (Sept 2013—July 2014) by study arm for the two
facility types and for the eleven quantity indicators used
in the ITS analysis.
Within each arm of the study, large standard devia-
tions indicate high variation around variable means.
Average monthly numbers for all indicators were gen-
erally higher in the hospital compared to the health
center group, reflecting the higher patient volume at
hospital levels. Baseline group means for many vari-
ables had statistically significant differences between
intervention and control arms within each facility
group, with means generally higher for SSDI-PBI health
centers and lower for SSDI-PBI hospitals compared to
their respective controls. Ta
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ITS Estimated Time Trends in Quantity Indicators
Similar to using the DiD results to specifically observe
heterogeneities of PBI effects on service quality indica-
tors, we used the ITS results to identify effect hetero-
geneities in service quantity indicators. The graphs in
Figures 2 to 12 present the predicted time series trends
adjusted by seasonality for each indicator by facility
type. Table 5 presents effect estimates adjusted for
seasonality for each quantity indicator resulting from
the ITS analysis by facility type. Again, we present
effect pattern typologies (i.e. “no substantial effect,”
“recovering,” “improved level,” “improved trend,”
“intervention period alignment”) when describing our
results along with these quantity indicators. Notice,
however, that we do not have information about
whether quantity indicators have reached saturation
(whether there is room for improvement or not), so
these typologies are determined primarily by whether
notable trend (slope) changes or level (immediate
effect) changes were estimated.
“No substantial effect” patterns (defined as quantity
indicator values that change little relative to baseline
mean values for both intervention and control facilities)
were observed for indicators 5 and 7 in both health
centers and hospitals, and indicator 11 in health
centers.
We observed a “recovering” effect pattern (defined
as quantity indicator values that demonstrate irregular
patterns, often with pre-intervention declines that
reverted during the post-intervention period leading
to relatively stronger upward trends among interven-
tion facilities than among controls) for indicators 3 and
8 in health centers and hospitals (statistically significant
trend changes only estimated for indicator 8) and indi-
cator 4 in hospitals (trend changes statistically signifi-
cant). Similar to quality indicator 5 on available stocks
of iron supplementation above, these patterns reinforce
the finding of a protective SSDI-PBI effect.
An “improved level” effect pattern (defined as quan-
tity indicator values manifesting an immediate and
sustained improvement in intervention compared to
control facilities) was observed for indicator 2 in hos-
pitals and for indicator 9 in health centers, both with
statistically significant level changes. The reverse
“diminished level” effect was observed for indicator 11
among hospitals, where controls showed a greater level
of improvement compared to interventions.
An “improved trend” effect pattern (defined as
quantity indicator values that do not so much demon-
strate an immediate improvement, but greater
improvements in intervention trends compared to con-
trols) was observed for indicators 1 and 10 among both
health centers and hospitals. These effect sizes of trend
changes are statistically significant except for indicator
1 among hospitals. Indicator 10 controls hospital values
show a level increase during the intervention period
and then decline while intervention hospital values
appear to rise more gradually, thus exceeding control
values. Further, quantity indicator 6 shows opposing
trend patterns for two facility types: trend improve-
ments in intervention hospitals compared to controls,
and diminished trend in intervention health centers
compared to controls.
“Intervention period alignment” effect patterns
(defined as intervention and control quantity indicator
levels that are less comparable during the pre-
intervention compared to the post-intervention per-
iod), such as in the case of indicators 2 and 4 among
health centers where interventions, but not controls,
show declining values at baseline. Statistically, this
upward turn among interventions to catch up to and
even exceed control trends during the intervention
period resulted in a statistically significant level or
trend effects. The underlying data, however, demon-
strate that intervention and controls simply align their
divergent trends with one another. A similar phenom-
enon with statistical significance in level change is seen
among hospitals for indicator 9.
In summary, for six of the eleven quantity indicators,
both health centers and hospitals follow similar pat-
terns: no substantial effects in indicators 5 (number of
births attended by a skilled provider) and 7 (number of
one-year-olds fully immunized); trend improvements
in indicators 1 (number of pregnant women with first
ANC visit in the first trimester) and 10 (number of
couples with voluntary HIV counseling and testing);
and recovering effect patterns in indicators 3 (number
of ANC-attending women who received iron supple-
ments) and 8 (number of pediatric patients who
received vitamin A in past 6 months).
The remaining five indicators show no obvious com-
mon pattern regarding their differences. For quantity
indicator 2 (number of pregnant women with at least
four ANC visits), while health centers in both study
arms appear to be on a similar upward trend throughout
the intervention period, hospitals diverge at the interrup-
tion time point and remain relatively steady at those levels
throughout the intervention period. For indicator 4
(number of pregnant women with at least two IPTp
doses), intervention health centers, control health centers,
and intervention hospitals all seem to display similar
trends with only control hospitals trending toward lower
values throughout the post-intervention period. For
quantity indicator 6 (number of postpartum women
receiving PNC) control trends appear to exceed
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Figures 2–12. Predicted time-series trends based on segmented linear regression for each quantity indicator by facility type. Figure
2. Number of pregnant women attending the first ANC service during their first trimester. Figure 3. Number of pregnant women
having attended at least four ANC visits during pregnancy. Figure 4. Number of pregnant women attending ANC who received iron
supplementation. Figure 5. Number of pregnant women having received at least two doses of IPTp during pregnancy. Figure 6.
Number of births at the facility attended by a skilled birth attendant. Figure 7. Number of postpartum women receiving PNC from
a skilled birth attendant within 14 days after delivery. Figure 8. Number of one-year-old children attending pediatric services fully
immunized. Figure 9. Number of children attending pediatric services having received vitamin A in past 6 months. Figure 10.
Number of HIV-positive pregnant women initiated on ART during pregnancy. Figure 11. Number of couples tested for HIV during
voluntary counseling and testing services. Figure 12. Number of clients attending family planning services counseled on contra-
ceptive options.
x-axis: months within time series, except for Indicator 8 which uses 3-month intervals;y-axis: change from baseline average, ratio of 1 = no
change.
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intervention trends in health centers, but intervention
trends exceed control trends in hospitals. For quantity
indicator 9 (number of HIV-positive pregnant women
on ART), values started and stayed low among control
health centers, but the similarly low intervention health
centers at baseline improved after the intervention. For
quantity indicator 11 (number of clients counseled on
contraceptive options) no effect was seen among health
centers, but control hospitals appear to outperform inter-
vention hospitals throughout the intervention period.
Figures 2. (Continued).
HEALTH SYSTEMS & REFORM e1745580-11
Discussion
The objective of this study was to assess SSDI-PBI effect
patterns with respect to quality and quantity perfor-
mance related to EHP service delivery in the specific
context where identical PBI mechanisms were applied
to both health centers and hospitals. To do so, we
employed a multi-method evaluation design including
two different analytical approaches to make the best use
of available primary and secondary data. Along with
this multi-methods approach, our study focus is unique
in that we examined the heterogeneity of effects
between facility types (i.e. health centers, hospitals). In
this regard, the discussion and appraisal of our findings
in light of existing quantitative evidence are relatively
constrained, as the literature on PBI evaluations
exploring effect heterogeneity between different facility
types of levels of care is currently limited, both in
number and geographical focus.
The pre- and post-test comparison revealed a strong
protective effect of the SSDI-PBI on stocks of iron
supplements (quality indicator 5, more pronounced
among hospitals) and to some degree on the stocks of
delivery packs and partograph forms (quality indicators
7 and 8) among health centers during a period when
nationwide supply shortages due to a central govern-
ment-level corruption scandal were faced by both
health centers and hospitals.28 Evidence from another
PBF program evaluation in Malawi—the RBF4MNH
Initiative, implemented by the MoH in four different
districts (Balaka, Dedza, Mchinji, Ntcheu) around the
same time as the SSDI-PBI—indicated a similar
Figures 2. (Continued).
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Table 5. SSDI-PBI effects on service utilization quantity indicators. Estimates based on interrupted time series analysis; coefficients
retrieved by multiple-group segmented linear regression adjusted for seasonality.
Quantity indicatora Coefficients
Estimated SSDI-PBI
effects, health centers
effect size (95%-CI) Effect pattern
Estimated SSDI-PBI effects,
hospitals effect size
(95%-CI) Effect pattern
1 Number of pregnant
women attending first
ANC service during
their first trimester.
Pre-intervention period:
Control slope (β1) 0.03 (0.00– 0.06) * 0.01 (−0.01– 0.03)
Difference PBI versus control in
slopes (β3)
−0.04 (−0.07 – −0.01) * −0.01 (−0.04– 0.02)
Post-intervention period: Trend
improved
Trend
improvedDifference PBI versus control in
level change (β6)
0.21 (−0.23– 0.64) 0.11 (−0.17– 0.39)
Difference PBI versus control in
slope change (β7)
0.16 (0.11– 0.21) ** 0.03 (−0.01– 0.06)
2 Number of pregnant
women having
attended at least four
ANC visits during
pregnancy.
Pre-intervention period:
Control slope (β1) 0.02 (−0.02– 0.06) 0.01 (−0.01– 0.03)
Difference PBI versus control in
slopes (β3)
−0.06 (−0.12 – −0.01) * −0.02 (−0.05– 0.01)
Post-intervention period: Alignment Level
improvedDifference PBI versus control in
level change (β6)
0.53 (−0.01– 1.07) 0.70 (0.25– 1.14) **
Difference PBI versus control in
slope change (β7)
0.06 (0.01– 0.12) * 0.01 (−0.04– 0.06)
3 Number of pregnant
women attending ANC
who received iron
supplementation.
Pre-intervention period:
Control slope (β1) −0.01 (−0.11– 0.03) −0.01 (−0.04 – −0.01)
Difference PBI versus control in
slopes (β3)
−0.06 (−0.20 – −0.07) 0.00 (−0.03– 0.02)
Post-intervention period: Recovering
effect
Recovering
effectDifference PBI versus control in
level change (β6)
0.16 (−0.98– 1.30) 0.28 (0.06– 0.49) *
Difference PBI versus control in
slope change (β7)
0.15 (−0.03– 0.32) 0.01 (−0.02– 0.04)
4 Number of pregnant
women having
received at least two
doses of IPTp during
pregnancy.
Pre-intervention period:
Control slope (β1) 0.00 (−0.02– 0.03) 0.01 (−0.01– 0.03)
Difference PBI versus control in
slopes (β3)
−0.03 (−0.08– 0.00) −0.02 (−0.04– 0.00)
Post-intervention period: Alignment Recovering
effectDifference PBI versus control in
level change (β6)
0.29 (0.01– 0.59) * 0.19 (−0.03– 0.42)
Difference PBI versus control in
slope change (β7)
0.02 (−0.02– 0.05) 0.05 (0.02– 0.08) **
5 Number of births at
facility attended by
a skilled birth
attendant.
Pre-intervention period:
Control slope (β1) 0.00 (−0.01– 0.01) 0.00 (−0.01– 0.01)
Difference PBI versus control in
slopes (β3)
0.00 (−0.01– 0.01) 0.00 (−0.01– 0.02)
Post-intervention period: No substantial
effect
No
substantial
effect
Difference PBI versus control in
level change (β6)
0.03 (−0.14– 0.21) −0.02 (−0.18– 0.13)
Difference PBI versus control in
slope change (β7)
0.00 (−0.02– 0.02) 0.00 (−0.02– 0.02)
6 Number of postpartum
women receiving PNC
from a skilled birth
attendant within
14 days after delivery.b
Pre-intervention period:
Control slope (β1) 0.01 (−0.01– 0.02) 0.07 (0.03– 0.11) **
Difference PBI versus control in
slopes (β3)
−0.01 (−0.03– 0.02) −0.02 (−0.08– 0.04)
Post-intervention period: Trend
diminished
Trend
improvedDifference PBI versus control in
level change (β6)
0.28 (−0.03– 0.59) −0.24 (−0.80– 0.32)
Difference PBI versus control in
slope change (β7)
−0.03 (−0.07– 0.01) 0.08 (0.01– 0.15) *
7 Number of one-year-
old children attending
pediatric services fully
immunized.
Pre-intervention period:
Control slope (β1) 0.03 (0.02– 0.05) ** −0.02 (−0.03– 0.00)
Difference PBI versus control in
slopes (β3)
−0.03 (−0.06– 0.00) 0.03 (0.01– 0.05) *
Post-intervention period: No substantial
effect
No
substantial
effect
Difference PBI versus control in
level change (β6)
0.28 (0.01– 0.56) * −0.30 (−0.53 – −0.06) *
Difference PBI versus control in
slope change (β7)
0.02 (−0.01– 0.05) −0.03 (−0.05– 0.00) *
8 Number of children
attending pediatric
services having
received Vitamin A in
past 6 months.c
Pre-intervention period:
Control slope (β1) 0.15 (−0.03– 0.33) 0.02 (−0.12– 0.17)
Difference PBI versus control in
slopes (β3)
−0.30 (−0.50 – −0.08) ** −0.18 (−0.45– 0.09)
Post-intervention period: Recovering
effect
Recovering
effectDifference PBI versus control in
level change (β6)
0.90 (0.06– 1.74) * 0.03 (−0.91– 0.96)
Difference PBI versus control in
slope change (β7)
0.47 (0.14– 0.79) ** 0.53 (0.17– 0.89) **
(Continued )
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protective PBF effect on the availability of selected
essential obstetric equipment and supplies including
delivery kits and uterotonic drugs.29 Although the
micro-context of the RBF4MNH program differed
(e.g. that program had a limited focus on obstetric
care service delivery only), both PBF programs seemed
to have produced similar beneficial effects in making
essential commodities available given the shared
macro-context of central-level stock-outs.
Among quality indicators, we observed rather high
saturation patterns for almost all indicators in at least
one of the facility types. This unfortunately obscured
the full appreciation of potential effect heterogeneities.
The only exception to this seemed to be quality indi-
cator 3 on the availability of client feedback systems.
However, this heterogeneity in patterns appears not to
be a result of the PBI, as the majority of control and
PBI hospitals had such systems in place already prior to
PBI implementation, while the proportion of control
and PBI health centers with client feedback systems
increased in a rather parallel way, thus unlikely to
have occurred in response to the PBI intervention.
While performance indicators were identical for
both facility types, we observed divergent effect
patterns between health centers and hospitals for
a number of quantity indicators, the most divergent
pattern was found for the number of post-partum
women receiving PNC by a skilled provider (quantity
indicator 6). For this indicator, the immediate effect on
level differences was positive for SSDI-PBI health cen-
ters but negative for SSDI-PBI hospitals, and mainly
resulting from the post-intervention trend develop-
ments observed in the respective controls. This pattern
suggests a redirection of demand for PNC services from
SSDI-PBI health centers to SSDI-PBI hospitals. PNC
service quality in Malawi has been found to be higher
in hospitals and private health facilities compared to
government-owned health centers,30 and this quality
difference and resulting demand shifts between levels
of care might have been intensified by the SSDI-PBI.
Especially for ANC-related quantity indicators (1, 2,
3, 4, 9), SSDI-PBI produced generally positive net
effects of various magnitude and statistical significance
among both intervention health centers and hospitals.
For instance, the positive level difference in the number
of pregnant women receiving iron supplements (indi-
cator 3) might be partly linked to the fact that SSDI-PBI
hospitals were able to maintain a higher availability of
Table 5. (Continued).
Quantity indicatora Coefficients
Estimated SSDI-PBI
effects, health centers
effect size (95%-CI) Effect pattern
Estimated SSDI-PBI effects,
hospitals effect size
(95%-CI) Effect pattern
9 Number of HIV-
positive pregnant
women initiated on
ART during pregnancy.
Pre-intervention period:
Control slope (β1) 0.02 (−0.02– 0.06) 0.02 (−0.02– 0.05)
Difference PBI versus control in
slopes (β3)
−0.01 (−0.05– 0.04) −0.05 (−0.09 – −0.01) **
Post-intervention period: Level
improved
Alignment
Difference PBI versus control in
level change (β6)
0.49 (0.08– 0.91) * 0.42 (−0.02– 0.86)
Difference PBI versus control in
slope change (β7)
0.00 (−0.06– 0.05) 0.06 (0.02– 0.11) **
10 Number of couples
tested for HIV during
voluntary counseling
and testing services.
Pre-intervention period:
Control slope (β1) 0.02 (−0.04– 0.08) 0.05 (0.01– 0.09) *
Difference PBI versus control in
slopes (β3)
0.01 (−0.06– 0.08) −0.06 (−0.11– 0.00) *
Post-intervention period: Trend
improved
Trend
improvedDifference PBI versus control in
level change (β6)
0.06 (−1.09– 1.20) −0.99 (−1.83– 0.15) *
Difference PBI versus control in
slope change (β7)
0.23 (0.06– 0.40) ** 0.22 (0.13– 0.30) **
11 Number of clients
attending family
planning services
counseled on
contraceptive
options.d
Pre-intervention period:
Control slope (β1) 0.00 (−0.03– 0.02) −0.04 (−0.10– 0.03)
Difference PBI versus control in
slopes (β3)
0.02 (−0.02– 0.06) 0.04 (0.05– 0.12)
Post-intervention period: No substantial
effect
Level
diminishedDifference PBI versus. control in
level change (β6)
−0.24 (−0.72– 0.23) −0.52 (−1.31– 0.27)
Difference PBI versus control in
slope change (β7)
0.00 (−0.05– 0.04) −0.05 (−0.15– 0.06)
*p < .05, **p <.01
aProportional changes of averaged pre-intervention value of each indicator.
bOne intervention health center was omitted from this analysis due to having no non-zero baseline values.
cThree-monthly (instead of monthly) time intervals, given periodic outreach activities.
dTwo control facilities and two intervention facilities were omitted from the analysis of this indicator due to missing or poor data.
ANC = antenatal care; ART = antiretroviral therapy; IPTp = intermittent preventive treatment for malaria during pregnancy; PNC = postnatal care SSDI-PBI
= Support for Service Delivery Integration Performance-Based Incentives.
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iron supplements compared to their controls. SSDI-PBI
health centers seemed to provide full stocks only later
in time, which might explain the delayed upward trend
(during the second payment cycle) contributing to the
estimated overall level change. Similarly, the positive
level differences observed for the number of pregnant
women receiving at least two IPTp doses (indicator 4)
and the number of HIV-positive pregnant women
receiving ART (indicator 9) in SSDI-PBI health centers
and hospitals might reflect the additional effect of PBF
in the context of full stocks of sulphadoxine-
pyrimethamine and HIV-testing kits in almost all inter-
vention and control facilities of any type. In contrast,
the SSDI-PBI did not seem to produce such an addi-
tional effect on the level differences for the number of
couples tested for HIV (quantity indicator 10), despite
the wide availability of testing kits.
While the SSDI-PBI has seemingly produced stron-
ger positive effects on indicators related to ANC, we
did not observe any substantial effects on the number
of births attended by a skilled provider among health
centers or hospitals (quantity indicator 5) and the
number of one-year-olds fully immunized. For indica-
tor 5, a possible explanation might be pregnant
women’s overall high use of skilled providers at birth
in Malawi with 90%.11 As our quantitative indicators
represent count changes from pre-intervention
averages, it might be likely that this indicator has
been highly saturated with respect to the underlying
target population of pregnant women; hence, the addi-
tion of SSDI-PBI could not create substantial further
increases. The lack of substantial effects for indicator 7
might be explained by the fact that Malawi has gener-
ally high coverage for single vaccinations, but full
immunization is less common due to frequent stock-
outs of single vaccine types in facilities.31 This incon-
sistent availably of the full range of childhood vaccines
might also be reflected to some degree by our findings
on quality indicators 9–12.
Unlike indicator 7, which measures full immuniza-
tion of one-year-olds attending facility child health
services, indicator 8 on the number of vitamin
A supplemented children also included community
outreach activities, as reflected by the periodicity of
observed values (hence the quarterly instead of monthly
time points in our analysis for this indicator). The
observed recovering effect patterns observed for both
health centers and hospitals for this indicator might
suggest a beneficial impact of the SSDI-PBI on preven-
tive services that can be provided through outreach
activities.
For the number of clients attending family planning
counseling (indicator 11), the observed negative effects
remain less clear. While the overall use of contraceptive
methods in Malawi is relatively low (46% among
women of reproductive age), about half of modern
contraception users (about 52%) tend to obtain their
methods from government-owned health centers, with
injectables and implants representing the predominant
forms of long-term contraception.11 One explanation
could be that the exclusion of four facilities (two inter-
vention health centers, two control health centers) for
this indicator during our data cleaning process might
have biased the observed effect pattern. Further
research will be needed to understand the causes of
this observed negative effect with respect to family
planning service provision across intervention facilities.
Methodological Considerations
Our study has some limitations. First, among the meth-
odological approaches applied in our study, we found
that the most commonly used study design to examine
PBF intervention effects (i.e. simple pre- and post-test
design with controls in combination with DiD
analysis7) produced almost no significant intervention
effect estimates for the tested quality indicators. When
compared to the effects on quantity indicators esti-
mated by the ITS analysis, we hypothesize a lack of
observable change or statistical significance on quality
indicators may be due to the use of dichotomous indi-
cators in a small sample, saturation of many of those
indicators within each sub-sample, and probable
month-to-month variations related to at least some of
these indicators that are difficult to capture by a single
indicator measurement. Further, using only two time-
points to represent baseline and endline performance
masks the nuanced trends that can be observed in an
ITS analysis. Also, our selection of quality indicators
was restricted to variables available in the SPA dataset,
thus limiting our ability to identify additional indica-
tors that might have been more appropriate in reflect-
ing quality aspects incentivized by the SSDI-PBF.
Second, the ITS analysis, on the other hand, pro-
vided a picture of mostly positive and some statistically
significant effects of the SSDI-PBI intervention with
notable differences between health center and hospital
effects. However, the nature of the underlying quanti-
tative data did not allow us to determine the degree of
saturation, as we had no information on respective
reference target populations. Instead, we looked at
overall counts with effect estimates measuring changes
from pre-intervention averages. Hence, we could not
make meaningful assessments with respect to actual
changes in service coverage. For example, as outlined
above, we anticipated greater effects on the number of
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births attended by a skilled provider (quantity indica-
tor 5). However, given the generally high use of skilled
providers at birth in Malawi,11 our findings might
simply reflect maximum saturation for this indicator
with respect to the respective target population.
Third, the nonrandom assignment of SSDI-PBI to
selected facilities limited our design choice to a multi-
method approach assessing causal interference based
on two different quasi-experimental approaches. In
the case of the before-and-after DiD analysis, with
only one observation point available prior to interven-
tion start, we could not test the parallel trend assump-
tion underlying this method. While our choice of
a matched control group based on facility-specific char-
acteristics likely improved the accuracy of our DiD
estimates, the differences in pre-intervention baseline
averages in the quantitative data suggest that matching
might not have worked ideally in all respects, so that we
cannot fully exclude differences in pre-intervention
trends on quality indicators.
Fourth, the study period of about 20 months in both
the DiD and ITS analysis might have been too short to
assess the full impact the SSDI-PBI might have even-
tually generated considering the general scope of PBF
schemes to not only change reimbursement structures
but to concomitantly introduce a set of new manage-
ment and decision-making reforms. Fifth, the largely
retrospective selection of outcome variables in both
analytical components might have been less sensitive
in capturing more detailed SSDI-PBI quality changes
that could have been captured if indicator sets had been
defined a priori.
Fifth, although the quality of DHIS-2-recorded indi-
cators in Malawi is rather variable for some indicators,
the routine indicator data we included in our analysis
showed high levels of completeness and internal con-
sistency. Still, in some instances, we excluded single
time points or even single facilities due to poor data
quality or extreme outliers, which might have biased
some of our findings (e.g. indicators 6 and 11).
Lastly, we need to acknowledge the limited general-
izability of our findings to other PBF programs or
settings. As highlighted earlier, PBF programs operate
with varied performance contracts and incentive struc-
tures, even within the same country as is the case for
Malawi. Hence, we caution the reader when extrapolat-
ing our results in other PBF programs.
Conclusion
SSDI-PBI effects were more pronounced or statistically
significant on quantity compared to quality indicators of
service provision. Given the underlying methodologies for
each indicator set, it seems that multiple repeated or time-
series data might be more favorable in exploring the effects
of PBF programs compared to simple before-and-after
designs. Although effect patterns for certain indicators
were similar between facility types, the estimated effect
magnitudes often still differed greatly between health cen-
ters and hospitals. Further, in the Malawi context perfor-
mance incentives related to service quantity might be more
effective if their focus is on relatively under-utilized services
(e.g. ANC) compared to highly utilized services (e.g. skilled
birth attendance). On the other hand, the currently applied
incentives with respect to family planning services seem to
produce unintended effects on contraception counseling of
clients in both facility types. Regarding effect heterogeneity,
incentives on PNC service provision seem currently to be
more effective at hospitals compared to the health center
level. If this should be an unintended effect, additional
incentives increasing targeting PNC provision at health
centers should be considered.
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